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ITt1l Lawrence Berkeley Laboratory states in the cycling of the S intermediate [4] [5] [6] [7] . In this paper we report additional evidence to support the role of manganese as a redox mediator in photosynthetic oxygen evolution. 
Results

Manganese Release Measurements
The effect of heat treatment on the chloroplast EPR spectrum is demonstrated in Fig. 1 . An untreated control sample (Fig. 1a) (Fig. lb) , the signal at g = 2 largely disappears, and the six strong hyp~rfine lines characteristic of the manganese hexa-aquo complex appear, indicating the release of manganese from the membrane [9] . The increase in the manganese EPR signal upon heat treatment is about 10-fold.
For-~o~venl;~c~,-we -der-i-n-etlle para-meter -LlP -as --the-~·- According to Blankenship and Sauer [9] However, ferricyanide is too weak an oxidant to oxidize Mn(II) appreciably in a neutral aqueous environment [15] . A more likely explanation is the formation of a complex between manganese and ferricyanide. Iron and copper complexes of ferricyanide are known, [15] and similar complexes with manganese may have no EPR detectable signal. In heat-treated chloroplasts, as opposed to Tris-washed chloroplasts [9] , the released manganese appears to be freely permeable through the membrane. A considerable fraction of the EPR-detectable manganese can be washed away after heat treatment (data not shown). Thus, the released manganese and ferricyanide are accessible to each other to allow complex formation.
In subsequent experiments, ex6ept as noted, 2mM
was included in the suspension medium to accelerates the deactivation reactions of the higher S states [16] .
As shown in Table II the presence of these reagents during the illumination period eliminates any light-induced change in the manganese release. These results implicate the involvement of Photosystem II reactions in the light effect on manganese release.
Glutarald~hyde Fixation
The manganese EPR signal under the conditions used in our experiments reflects only the +2 oxidation state.
An important question is whether the light-induced decrease in ~ arises from some conformational change which decreases the amount of Mn(II) released from the membrane or from the creation of higher oxidation state complexes of manganese that are present in a non-EPR detectable form after heat treatment. Glutaraldehyde fixation is known to prevent macroconformation changes in the membrane [17] .
In Table II fold over that of the unheated sample (Fig. lb) .
Similarly to the effect of incubation in alkaline Tris buffer or high concentrations of NH 2 0H, heating causes the large pool or chloroplast manganese associated with . .
. . 13 0 2 evolution [8] to be released to an apparently aqueous environment [9] . But unlike the other treatments, heating can be used to cause a rapid release of manganese from the membrane directly in the EPR cell.
For this reason we chose heating as a convenient method for manganese release in our experiments.
It has been suggested from proton relaxation measurements that a mixture of manganese oxidation states exists in chloroplast membranes [4] [5] [6] . Tables I and II 
Manganese Contribution to the S States
The inhibition of the light effect on manganese release by Photosystem II inhibitors (Table II) between the two models is not very large.
To fit the manganese release data according to Eqn.
(2) the S state concentrations throughout the flash sequence are giveri fixed values using the parameters from (Table IV) Table IV . They account nicely for the observation that w 1
The magnitude of w 2 is also in quite reasonable agreement with the experiment, which is the strongest justification for the assumption that two manganese atoms are involved.
As with all models, however, caution must be taken in viewing these conclusions. Because of lack of precision in the me~surements we cannot, for example, rule Receiver gain was the same for both spectra.
Other conditions are given in Fig. 1 . 
Glutaraldehyde fixation was after Zilinskas and Govindjee (18) . DCMU refers to 3-(3,4-dichlorophenyl)-1,1-dimethyl urea and FCCP to fluorocarbonyl cyanide phenylhydrozone. The suspension medium contained 2 mM K 3 Fe(CN)6· Each t.P is an average of three determinations. Other conditions are given in Table I . Fig. 5 . The values in parenthesis are the weighting factors normalized so that w 0 = 1. The quadratic deviation is defined in Table III .
Other details are given in the text. a) Kok Model .. ...
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